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Abstract 
The analysis of the kinetics of the transesterification reaction is crucial to compare different routes or routes with 
different catalysts or reaction accelerators. The use of ultrasound is considered a method for accelerating the 
biodiesel production. However, little effort has been done and is reported in the literature about how and under what 
conditions the use of ultrasound really speeds up the process, or the conditions under which its use is unnecessary or 
even harmful, burdening the process. Two dissimilar energy injections into a typical route were tested: ultrasound 
(@ 1 MHz and no heating) and mechanical steering (with heating), both applied in an 8:1 ratio of soybean oil and 
methanol, adding 1% of KOH as catalyzer. As results, during the first 10 minutes of reaction ultrasound showed 
unbearable effect on the transesterification, whilst mechanical steering and heating achieved almost 70% of 
conversion ratio. However, during the following 10 minutes, the mechanical steering and heating got nothing more 
than 80% of conversion, a considerable less efficient process than ultrasound assisted one, which achieved more 
than 90%. The straightforward explanation is that ultrasound continually inserts energy in a slower rate, what can 
result in a more stable conversion scenario. On the other hand, mechanical steering and heating provides more 
energy at a glance, but cannot push the final conversion rate beyond a limit, as the transesterification is a 
double-way chemical process. The instability mechanical steering and heating settles in the reaction medium pulls 
the components back to their original states more than pushes than to the converted equilibrium state of the matter. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
Keywords: metrology; biodiesel; chemical kinetics 
 
 
* Corresponding author. Tel.: +55-21-2679 9720; fax: +55-21-2145 3245. 
E-mail address: rpfelix@inmetro.gov.br 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ICU 2015
 Rodrigo P.B. Costa-Felix and Jerusa R.L. Ferreira /  Physics Procedia  70 ( 2015 )  1066 – 1069 1067
1. Introduction 
Many countries and international trading blocs are working together aiming to introduce, or reinforce the 
importance, of biodiesel into their energy matrix. Biodiesel can improve the power supply, as many independent 
suppliers may be recruited, reduces the emission of greenhouse gases, and may increase jobs and income within the 
countryside. Further, there is no need for modification in diesel engines when using blends of diesel and biodiesel. 
By definition, biodiesel is a natural substitute for diesel oil, which can be produced from renewable sources such 
as vegetable oils, animal fats and oils used to cook food (frying). Biodiesel has become attractive lately because of 
its benefits compared to fossil fuels, as well as due the fact that fossil fuel reserves are limited (Vyas et al, 2010). By 
having its closed carbon cycle, the burning biodiesel theoretically not contribute to global warming, produces less 
smoke, lower emissions of particulates and carbon monoxide. Additionally, biodiesel has a high cetane number 
comparing to diesel, it is biodegradable and non-toxic. 
 
1.1. Biodiesel fabrication 
The most common method of producing biodiesel is the transesterification of vegetable oils or animal fat. 
Transesterification (Fig. 1) is a chemical process involving the use of acidic or basic catalysts, an alcohol, usually 
short-chain triglycerides that reacts with producing biodiesel and glycerol. It consists of a series of reversible 
reactions that produces 3 moles of ester and 1 mol of glycerol, as a by-product (Fig. 2). This reaction is endothermic 
and reversible; to shift the equilibrium to the right excess of alcohol is used. The type and the content of fatty acids 
present in vegetable oil have a marked effect on the biodiesel before storage stability and oxidation. For example, 
sudden drops in the ambient temperature promotes the increased viscosity and the crystallization of saturated fatty 
esters, which may eventually cause clogging of filters and oil injection system. 
 
 
 
Fig. 1. Transesterification reaction steps of a 
triglyceride (R = alcoholic chain). 
 
Fig. 2. Variation of the molar concentrations of 
triglyceride , diglycerides u, monoglycerides ƶ, 
methyl esters ƽ and glycerin Ƶ using kinetic 
constants provided by Noureddini and Zhu (1997). 
 
 
1.2. Ultrasound as a tool in the transesterification process 
Ultrasound is known for its physical and chemical effect in the reaction mixture of heterogeneous liquids. These 
effects are mainly attributed to the cavitation bubbles, and is generally named sonoquemistry. The formation and 
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bubble growth are associated with periodic cycles of expansion and compression of the sound wave. The bubble 
implodes upon reaching a critical size, releasing large amounts of heat and pressure points located in the middle in a 
short time. 
The production of biodiesel assisted by ultrasound in transesterification reactions has as main advantage the 
increased reaction rate, resulting in reducing reagents (catalyst and alcohol) and operating costs (Kelkar et al, 2008; 
Deshmane et al, 2009; Hanh et al, 2009). Usually these reactions are done with commercial ultrasonic devices that 
operate on the central frequency in the kilohertz range (kHz), especially between 20 and 50 kHz (Rokhina et al, 
2009). That reactions has even been empirically modelled (Avramoviü et al, 2012). Data on the effect of ultrasound 
on higher frequencies are scarce, despite some concurrent high frequency technique (microwave) has been shown 
effective (Nogueira et al, 2010). One must be aware that microwave and ultrasound are techniques originated by 
dissimilar physical principles. 
Few work have been done in which the biodiesel production is done under high frequency ultrasound, mainly if a 
systematic analysis is undertaken. The goal of the pre present paper is to advocate the viability of high frequency 
(MHz) ultrasound in the transesterification. A prospective argumentation for the advantage of this approach is 
presented. 
2. Materials and Methods 
In the reactions using ultrasound, the reactor was filed with 150 g of 
soybean oil. A methanol solution containing different concentrations of 
KOH (molar alcohol ratio / oil 8:1) was prepared in a beaker. This solution 
was added to the vegetable oil and immediately ultrasound was switched 
on. The reaction time was 40 min and the solution was not externally 
heated. After completion of the reaction, the mixture was poured into a 
separator funnel where the two phases (biodiesel and by-products) were 
separated by decanting. The esters obtained were washed with a solution 
of HCl at 0.5% and water up to pH 7. After washing, the biodiesel was 
placed in a water bath for 4 hours for drying water. All the process was 
repeated thrice for repeatability assessment. 
 
Fig. 3. Ultrasound equipment 
(9W; frequencies: 1 MHz and 
3 MHz). 
Ultrasound was applied with a 9W, dual frequency (1 MHz and 3 MHz) physiotherapy equipment model 
Sonomed V (Carci, São Paulo, Brazil) – see Fig. 3. 
Many parameters were varied throughout the whole research, as the concentration of the catalyser KOH, the 
alcohol / oil ration, use of external heating or not, and different steering velocities. However, within this paper, the 
scope is reduced to the variation of frequencies (1 MHz and 3 MHz), and the comparison to the traditional “steering 
and heating” route. 
During the reaction process, and aliquot of the medium was extracted every 5 minutes, treated and them analysed 
with a colorimetric technique described in details elsewhere (Fernandes et al, 2014). 
3. Results 
Figures 4 and 5 depicts the experimental curves (average of three replicas) of the transesterification process. The 
first compares both frequencies tested, i.e., 1 MHz and 3 MHz. The output power was 9 W for both. It is easy to 
observe that ultrasound at 1 MHz was able to achieve the conversion rate of 95%, whilst the 3 MHz ultrasound 
achieved something between 85% and 86%. 
Looking at Fig. 5, it is possible to compare the reaction as function of the time for a 1 MHz ultrasonic assisted 
reaction and the mechanical steering one. For the mechanical steering, additional external heating was added in 
order to keep the reaction medium temperature of 55oC. The same conversion for the 1 MHz is observed, as both 
curves are identical, and a conversion of about 84% was found for the mechanical steering plus heating process. 
Qualitatively, one can note that the mechanical steering provides a much faster conversion up to about 80%, with 
a remarkable steep curve up to 50% of conversion. On the other hand, ultrasound assisted reaction takes a while to 
effectively deflagrate the transesterification process (about 10 minutes of latency for both 1 MHz and 3 MHz). 
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Fig. 4. Ultrasonic assisted (no external heating or 
steering) transesterification at frequencies of 1 MHz 
and 3 MHz. 
Fig. 5. Ultrasonic assisted (frequency of 1 MHz) 
transesterification compared with mechanical steered 
one (no external heating in both reactions). 
4. Discussion and Conclusion 
During the first 10 minutes of reaction, ultrasound showed unbearable effect on the transesterification, whilst 
mechanical steering and heating achieved almost 70% of conversion ratio. However, during the following 10 
minutes, the mechanical steering and heating got nothing more than 80% of conversion, a considerable less efficient 
process than ultrasound assisted one, which achieved more than 90%. 
The straightforward explanation is that ultrasound continually inserts energy in a slower rate, what can result in a 
more stable conversion scenario. On the other hand, mechanical steering and heating provides more energy at a 
glance, but cannot push the final conversion rate beyond a limit, as the transesterification is a double-way chemical 
process. The instability mechanical steering settles in the reaction medium pulls the components back to their 
original states more than pushes than to the converted equilibrium state of the matter. 
Acknowledgements 
Research reported in this paper has been partially funded by the Carlos Chagas Filho Research Support 
Foundation (Faperj), Grant Numbers E-26/102.124/2013 and E-26/201.563/2014, and from the National Council for 
Scientific and Technological Development (CNPq), Grant Number 310.392/2014-4. 
References 
Avramoviü, J.M., Stamenkoviü, O.S., Todoroviü, Z.B., Laziü, M.L., Veljkoviü, V.B., 2012. Empirical modeling the ultrasound-assisted base-
catalyzed sunflower oil methanolysis kinetics. Chemical Industry & Chemical Engineering Quarterly, on line. 
Deshmane, V., Gogate, P. R., Pandit, A. B., 2009. Ultrasound assisted synsthesis of isopropyl esters from palm fatty acid distillate. Ultrasound 
sonochemistry 16, 345–350. 
Fernandes, E., Vicente, J., Cruz, R., Nele, M., Nunes, E., Costa-Felix, R., 2014. A methodology free of pyridine for measuring hydroxyl value in 
polymers and oils. Polymer Testing 33, 16-20. 
Hanh, H. D., Dong, N. T., Okitsu, K., Nishimura, R., Maeda, Y., 2009. Biodiesel production by esterification of oleic acid with short-chain 
alcohols under ultrasonic irradiation condition. Renewable Energy 34, 780-783. 
Kelkar, M. A., Gogate, P. R., Pandit, A. B., 2008. Intensification of esterification of acids for synthesis of biodiesel using acoustic and 
hydrodynamic cavitation. Ultrasonics Sonochemistry 15, 188-194. 
Noureddini, H., Zhu, D., 1997. Kinetics of transesterification of soybean oil. Journal of the American Oil Chemists' Society 74, 1457-1463. 
Nogueira, B. M., Carretoni, C., Cruz, R., Freitas, S., Melo Jr, P. A. M., Costa-Félix, R., Pinto, J. C., Nele, M., 2010. Microwave activation of 
enzymatic catalysts for biodiesel production. Journal of Molecular Catalysis B: Enzymatic 67, 117-121. 
Rokhina, E. V., Lens, P., Virkutyte J., 2009. Low-frequency ultrasound in biotechnology: state of the art. Trends in Biotechnology, 27, 298-306. 
Vyas, A. P., Verma, J. L., Subrahmanyam, N., 2010. A review on FAME production processes. Fuel 89, 1-9. 
